The new National Institutes of Health requirement to include both male and female animals in preclinical studies aims to address such health disparities, but we argue that the mandate is not the best solution to this problem. Sex differences are highly species-specific, tied to the mating system and social ecology of a given species or even strain of animal. In many cases, animals poorly replicate male-female differences in brain-related human diseases. Sex/gender disparities in human health have a strong sociocultural component that is intimately entangled with biological sex and challenging to model in animals. We support research that investigates sex-related variables in hypothesis-driven studies of animal brains and behavior. However, institutional policies that require sex analysis and give it special salience over other sources of biological variance can distort research. We caution that the costly imposition of sex analysis on nearly all animal research entrenches the presumption that human brain and behavioral differences are largely biological in origin and overlooks the potentially more powerful social, psychological, and cultural contributors to male-female neurobehavioral health gaps.
Introduction
The diagnosis of many neuropsychiatric diseases, including autism, attention deficit hyperactivity disorder, stuttering, addiction, depression, anxiety, eating disorders, and chronic pain syndromes is markedly different between males and females. Advocates of the new National Institutes of Health (NIH) policy requiring investigators to examine sex effects in preclinical research argue that this mandate will lead to better understanding and treatment of such disorders. We avidly support welldesigned animal research that is specifically aimed at studying sex differences and sex-related variables such as gonadal hormones and X chromosome dosage. We also support full transparency in reporting of animal sex for the purpose of enhancing reproducibility. But we disagree with the NIH mandate that requires analysis of sex effects in biomedical studies. Although well intentioned, the new policy is unlikely to reduce sex/gender disparities in human neurobehavioral health while imposing a large burden on basic scientists.
In 2014, Janine Clayton and Francis Collins announced new NIH policies "that require applicants to report their plans for the balance of male and female cells and animals in preclinical studies in all future applications, unless sex-specific inclusion is unwarranted, based on rigorously defined exceptions." Like all NIH policies, the rationale is to enhance human health: Clayton and Collins (2014) , for example, cite higher rates of adverse drug events in women as a primary motivation for inclusion of male and female materials in all preclinical research. The policy, to be implemented in stages, presently does not address cell culture studies but does require that sex as a biological variable (SABV) be factored into research designs, analyses, and reporting in animal studies, with limited exceptions. It further requires sex difference analyses in most studies, prescribing that researchers "develop a data analysis plan prospectively that, at a minimum, provides for the collection of data disaggregated by sex" (National Institutes of Health, 2015) . Here, we focus our analysis on the broad contention underlying the policy (Sandberg and Verbalis, 2013; Clayton and Collins, 2014) and presently under discussion within the research community: that requiring inclusion of male and female animals and comparing results by sex in preclinical research will advance human health by meaningfully addressing outstanding health disparities between men and women. A sound approach to understanding male-female health disparities requires modeling three interacting causal dimensions (Rieker and Bird, 2005) : (1) factors directly related to "sex," including chromosomal complement, reproductive organs, and levels of gonadal hormones; (2) physiological attributes that are correlated with sex but overlap appreciably between groups of men and women, such as body size, longevity, and muscle:fat ratio; and (3) sociocultural influences that map more closely onto what we call "gender," including one's experiences, habits, selfimage, and status that result from being perceived as a man or woman. Understanding that such biological and psychosocial influences are bidirectionally entangled in humans, we have adopted throughout this commentary the term "sex/gender" when referring to male-female differences in the human brain and behavior Springer et al., 2012) .
By failing to include the second and third dimensions of sex/ gender contributions to human health, the NIH's mandate biases research and is unlikely to lead to substantial advances in the understanding and treatment of neurologic and psychiatric disorders in either women or men. This is evident even when considering the touchstone example used by advocates of the policy (Sandberg and Verbalis, 2013; Cahill, 2014; Woodruff et al., 2014) : sex/gender differences related to the sleeping pill zolpidem (Ambien, Intermezzo). Postmarketing data found higher numbers of zolpidem-related adverse events in women than in men. However, subsequent analysis found that although zolpidem is cleared more slowly in nonelderly women, compared with nonelderly men (Greenblatt and Roth, 2012) , differences in body weight, not sex/gender per se, mediate most of the male-female difference in human zolpidem metabolism (Greenblatt et al., 2014) . Hence, the Food and Drug Administration (FDA)'s revised Drug Safety Advisory about zolpidem actually recommended a lower dose in both women and "many men" (Food and Drug Administration, 2013) . More importantly, there is no evidence to support the supposition that sex differences in zolpidem side effects would have come to light from rodent studies, even if such analysis had been required at the preclinical stage. Sex differences in rodent sleep properties (Mallampalli and Carter, 2014) and in hepatic drug metabolism (Waxman and Holloway, 2009) show little resemblance to sex/gender differences in such processes in humans. Indeed, species differences overwhelm sex differences when it comes to the bioavailability of zolpidem and many other drugs (Bueters et al., 2013; Mukai et al., 2015) , making animal studies a poor predictor of human pharmaceutical sex/gender differences. Finally, it is known that other sex-and gender-related factors, including higher rates of polypharmacy (National Center for Health Statistics, 2014) and greater likelihood of reporting discomfort in women, compared with men, contribute to the higher numbers of FDA reports of all adverse events in women and are recognized by the FDA as sources of bias in adverse event statistics (Food and Drug Administration, 2001 ).
Turning to sex/gender disparities in neurobehavioral disorders, implicit in the new NIH mandate is the assumption that comparison of male and female animals in preclinical research will provide good models for human brain-related sex/gender differences. In what follows, we argue that this claim is poorly substantiated. Furthermore, we suggest that the NIH mandate may actually hinder efforts to address sex/gender disparities in neuropsychiatric health by distorting research design and misdirecting research agendas from potentially more valuable sex/gender lines of study.
Limitations of comparing brain and behavioral sex differences across species Any time a difference in symptoms, diagnosis, or treatment efficacy between women and men is clearly identified, it is reasonable to look for sex-related physiological mechanisms in preclinical models. But the question is: which model? Sexual dimorphism varies enormously between species, quite independently of other phylogenetic relationships. Human males and females differ modestly in average weight or height, in contrast to rats, in which adult males are ϳ50% larger than adult females. Mice model human size dimorphism better, but their longevity sex difference is the reverse of humans.
Although all nonhuman species have limitations when extrapolating to human biology, sex difference is uniquely challenging to model in common experimental animals. As Darwin first recognized, and modern evolutionary biologists continue to elucidate, the degree of sexual dimorphism in a species is shaped by mating system, and neither rats nor mice adequately model the conditions of human sexual selection. Human mating systems are highly flexible but predominantly characterized by social monogamy and pair-bonding within extensive kinship communities that engage in biparental and alloparental care of offspring (Brown et al., 2009; Chapais, 2013) . These ecological features reduce neuroanatomical sex difference compared with polygynous, uniparental species, such as laboratory rats and mice. Among primates, monogamy and pair-bonding are associated with both a dramatic increase in brain size of both sexes and a decrease in body size dimorphism between males and females (Geary, 2000; Dunbar and Shultz, 2007) .
Among rodents, the effect of mating system on sexual dimorphism in the brain and behavior has been best studied through comparison of the monogamous prairie vole versus the polygynous montane and meadow voles. Male and female prairie voles form long-term socially monogamous relationships in which both parents contribute nearly equally to nurturing their young and may live in extended family groups with more than one litter (McGraw and Young, 2010) . By comparison, montane and meadow voles are relatively asocial and polygynous. They do not form a partner preference and only females participate in care of the offspring, a pattern much closer to laboratory rat and mouse species. Comparison of the "sexually dimorphic nucleus" (SDN) of the medial preoptic hypothalamus (MPOA) between species reveals considerable volume difference in the polygynous montane voles but no significant difference between adult male and female prairie voles, perhaps reflecting a role of the SDN-MPOA in reproductive and social behavior (Shapiro et al., 1991; but see Campi et al., 2013) . A similar relationship between mating system and brain sex difference has been observed for vole hippocampal volume, which is larger in male compared with female meadow voles, a polygynous species, but shows no sex difference in the closely related but monogamous pine voles (Jacobs et al., 1990) . The dramatic contrast in brain sexual dimorphism between closely related species demonstrates how ecologically dependent brain sex differences are and highlights the difficulty of modeling human sex/gender differences in any specific experimental animal.
In its application to neuroscience, a guiding assumption behind the mandate to compare male and female animal brains is that such research provides a route for understanding sex/gender differences in human behavior and mental health. However, as leading researchers in the field of animal sex difference caution, simple extrapolation from neural sex difference to behavioral sex difference is rarely possible; even the SDN-MPOA has yet to be clearly associated with a specific behavioral or physiological role (McCarthy and Arnold, 2011; McCarthy, 2016) . It is also the case that physiological sex differences often act to make behavior more similar between males and females in a particular species (de Vries, 2004) . This is a key principle for understanding sex differences within a given species or strain (McCarthy et al., 2012) that adds considerable complexity to the mission of using animals to understand clinical sex/gender differences in humans.
Such species-specific sex effects make the choice of animal model challenging for researchers studying neuropsychiatric diseases that disparately impact women and men. For example, women are diagnosed with Alzheimer's disease at much greater rates than men (nearly 70% of the patients who die from the disease are female); however, the bulk of this disparity is due to women's greater longevity (Moschetti et al., 2012) because the greatest risk factor for Alzheimer's disease is advanced age. Greater female longevity is found among chimpanzees and most rat species, but not among mice and orangutans (Sanz et al., 2007) .
Sex/gender differences in depression and anxiety have proven especially difficult to model in experimental animals. Both disorders are about twice as common in women, compared with men (Kessler, 2003; Kessler et al., 2005) . However, two widely used models of depressive symptoms in rodents (immobility in the forced swim test and sucrose preference following chronic mild stress) do not replicate women's greater vulnerability; a third model, learned helplessness to uncontrollable foot or tail shock, reveals greater vulnerability in male compared with female rats. Sex/gender differences in anxiety are also opposite in sign in rats compared with humans. In most paradigms, such as the open field test, elevated plus maze, light aversion, and passive avoidance, male rats exhibit greater anxiety than females (Kokras and Dalla, 2014) . Much of the difference in hiding and exploratory behavior in these assays is explained by female rats' higher physical activity level, another sex difference that is opposite in humans, in which boys and men are generally more physically active than girls and women (Eaton and Enns, 1986) . Finally, experimental models of post-traumatic stress disorder (PTSD) also struggle to reproduce its higher prevalence in women (Shansky, 2015) . Once exposed to trauma, women are approximately twice as likely as men to develop PTSD (Breslau, 2009) . Although some rat paradigms show this pattern, male rats actually exhibit greater fear learning and retention than females in the widely used fear conditioning model (Pryce et al., 1999) . Similarly, in the single prolonged stress model, male rats' fear extinction does not last as long as that of females. Poorer extinction is thought to be a corollary of PTSD, where patients are unable to adequately extinguish the memory of a highly salient stressor (Keller et al., 2015) .
All of these behavioral sex inversions in rats are especially paradoxical given that anxiety and depressive disorders are thought to reflect dysregulation of the stress response system and female rats do exhibit a more reactive hypothalamic-pituitary axis than males. Then again, the evidence for a sex/gender difference in human hypothalamic-pituitary axis reactivity remains surprisingly equivocal (Bangasser and Valentino, 2014) . Together, these many mismatches between rodent behavior and human diagnoses hamper the goal of using sex differences in experimental animals to better understand sex/gender disparities in human stress-related disorders. Although genetic strain and estrous cycle can be tweaked in rodents to find conditions that more closely resemble human clinical findings (Kokras and Dalla, 2014; Shansky, 2015) , it seems clear that the study of stressreactive behaviors in rats and mice does not allow preclinical researchers an easy vehicle for modeling the robust sex/gender differences in human anxiety, depression, and PTSD. It is likely that the mismatch between humans and rodents with regard to sex/gender differences in anxiety and depression is due to important species and ecological differences, including the uniquely human psychosocial factors we consider next.
Gender dimensions of male-female differences in the human brain and in neurobehavioral disorders
Of all the ecological conditions that make comparison of sex/ gender differences across species challenging, human culture and its psychosocial ramifications are the most profound, and also the most poorly studied at the level of the brain. Although it is tempting to assume that animal studies provide a shortcut to elucidating the "pure" biological origins of sex/gender disparities, the fact is that such psychosocial processes interact with disease and therapeutic mechanisms across all bodily systems.
Consider sex/gender differences in pain disorders. Women exhibit higher prevalence than men for many chronic pain syndromes, including neuropathic pain, fibromyalgia, irritable bowel syndrome, musculoskeletal pain, and migraine headache (Fillingim et al., 2009) . Laboratory studies of threshold and tolerance in healthy participants generally find that women are more sensitive than men to a variety of painful stimuli (Racine et al., 2012a; Bartley and Fillingim, 2013) . However, it has been challenging to disentangle the various biological, psychological, and cultural contributors to these sex/gender gaps in humans (Mogil, 2012) , despite recent findings implicating different cellular mechanisms of pain sensitivity in male and female mice of certain strains (Sorge et al., 2015) . Neuroimaging and electroencephalography have yet to reveal a clear neural basis for sex/ gender difference in human pain processing, nor do other physiological or hormonal measures demonstrate an obvious mechanism for differences in pain threshold and tolerance (Racine et al., 2012b; Bartley and Fillingim, 2013) .
On the other hand, considerable research does find that pain judgments are influenced by psychosocial factors, especially gender role expectations (Alabas et al., 2012) . Women are more likely to admit pain and catastrophize it (i.e., to ruminate on the experience, magnify its impact, and feel helpless in the face of it), whereas men are likelier to adopt a stoic affect, ignoring pain and denying its impact. This difference helps explain why sex/gender differences in pain sensitivity and diagnoses do not emerge until adolescence (Fillingim et al., 2009; Schmitz et al., 2013) , when youth enter a phase of amplified conformity known as gender intensification (Hill and Lynch, 1983; Galambos et al., 1990) . Among adults, gender differences in pain thresholds and tolerance are often reduced or eliminated in studies that control for individual differences in anxiety, gender role endorsement, selfefficacy, and coping style (Jackson et al., 2002; Fillingim et al., 2009; Mogil, 2012) . Other social variables, including cultural origin and the gender of the experimenter, also modify sex/gender differences in pain perception (Racine et al., 2012b) . When it comes to clinical practice, even a leading researcher on animal sex difference concedes that analgesic treatments must always be titrated on an individual basis, where biological sex is but one of many sources of interindividual variability (Mogil, 2012) .
The same applies to several psychiatric disorders with skewed sex/gender prevalence. Unipolar depression and anxiety disorders are diagnosed nearly twice as often in adult females than males (Kessler, 2003; Kessler et al., 2005) . Like pain syndromes, there is no sex difference in diagnosis of these disorders in childhood, and most evidence indicates that the increase in females at puberty is less a matter of hormonal shifts than of psychosocial factors, including rumination, peer relationship stress, objectified body image, and negative life events, such as sexual harassment (Hyde et al., 2008) . Indeed, the parallel emergence of sex/ gender differences in pain syndromes and mood disorders at puberty supports other evidence that depression itself may be a key factor in the female preponderance of chronic pain diagnoses (Mogil, 2012) , as opposed to a sex/gender difference in physiological pain processing per se.
Like pain, sex/gender differences in clinical depression are influenced by psychological, social, and cultural factors that are not well modeled in animals. First, depression diagnoses are based largely on subjective responses, with men likelier to mask feelings of vulnerability and worthlessness due to social norms of masculine behavior (Addis, 2008) . Second, the DSM depression criteria themselves are biased toward measuring the internalizing symptoms that are more common in women, such as crying, sadness, guilt, and fatigue. Recently, clinical researchers have developed masculine depression survey tools that include the externalizing symptoms that men are likelier to report, including irritability, anger, and substance abuse (Rice et al., 2015) . When such measures are added to traditional depression survey items, the sex/gender difference in depression prevalence is eliminated (Martin et al., 2013) . Given that diagnoses such as conduct disorder and substance abuse have the inverse prevalence of depression and anxiety (i.e., twice as common in men) (Kessler et al., 2005) , a unifying interpretation is that men and women are similarly vulnerable to stress-related psychiatric disorders but manifest them in different ways contingent on gender norms.
Depression and anxiety are not the only psychiatric diagnoses to show a high sex/gender ratio. Attention deficit hyperactivity disorder and autism spectrum disorders are also highly skewed, in this case, diagnosed up to four times more often in male than female patients. Here again, however, there is evidence that high sex/gender ratios in both of these disorders are influenced at least in part by sociocultural factors, particularly the gender stereotypes that are embedded in diagnostic criteria used to determine who exceeds the clinical threshold (e.g., Uebel et al., 2010; Dworzynski et al., 2012) .
The classic example of a cultural etiology underlying a sex/ gender-skewed psychiatric disorder is anorexia nervosa. Although often comorbid with depression and anxiety, anorexia nervosa shows a prevalence ratio of 1:10 in men:women and as high as 1:100 among 15-to 19-year-old urban, Western adolescents. Cross-national comparisons find strong evidence linking this disparity to cultural transmission caused by globalization, modernization, and media exposure promoting the Western beauty ideal (Smink et al., 2012) .
Clinical researchers are increasingly recognizing the contribution of sociocultural factors to gender disparities in health and medical care outside the neuropsychiatric arena. Chapman et al. (2013) reviewed evidence that implicit bias about gender influences diagnosis rates and treatment decisions regarding several diseases. They found, for example, that women are three times less likely than men to receive knee arthroplasty when clinically appropriate, perhaps because their pain complaints are judged to be less serious than men's and women are presumed less likely to need the surgery to maintain vigorous physical activity. Other recent research has uncovered gender disparity in treatment for cardiovascular disease; compared with men of the same age, women younger than 55 years are less likely to be specifically counseled about their cardiovascular disease risk but more likely to be told to lose weight, a difference that may contribute to the higher rate of cardiovascular disease death in women (Bairey Merz et al., 2015) . Independent of their biological sex, individuals with feminine roles and personality traits have poorer cardiac outcomes than more masculine individuals, revealing a surprising interaction between psychosocial gender and human cardiac function in a recent study by Pelletier et al. (2016) .
Turning back to the brain, the burgeoning field of cultural neuroscience has demonstrated the influence of social attributes such as ethnicity (Han and Ma, 2014) and poverty (Hackman and Farah, 2009) on neural structure and function. A few researchers have begun probing relationships between individuals' degree of gender role endorsement and brain activation (Bourne and Maxwell, 2010) or regional brain volumes (Belfi et al., 2014) . But generally speaking, the effect of gender enculturation on the brain has received scant research attention compared with the sharp focus on sex-based biology (Eliot, 2011) . The new mandate contributes to this imbalance, prioritizing a broad search for biological sex factors in nonhuman animals despite profound evidence pointing to the need for deeper exploration of sociocultural factors underlying sex/gender disparities in human neurologic and behavioral health.
Sex in context
Defenders of policies requiring the study of sex in preclinical materials readily acknowledge that experimental organisms often poorly model sex/gender differences in neurological disorders. They may further concede that nonhuman organisms cannot model uniquely human gender factors. But, they ask: what are the harms of requiring study of sex as a variable in preclinical research? If we are to eventually understand sex/gender interactions, does not research on "pure" sex differences get us part way there? Could not studies of sex variables demonstrate their nonexistence or irrelevance as much as contribute to their overstatement?
Here we arrive at a central conceptual disagreement between advocates of the new mandate and many critics. A prevailing view is that "sex" and "gender" are distinct variables: "sex" is a biological variable represented by genes, gonadal hormones, and reproductive processes that may be clearly delineated as "male" and "female," whereas "gender" is a sociocultural factor referring to behaviors, expectations, and other psychological attributes of human men and women acquired through social context (National Institutes of Health, 2015) . According to this view, sex can be cleanly accessed through studies of nonhuman animals, and sex factors may be expected to function in very similar ways across species and contexts. We believe that these suppositions are incorrect.
The perspective that we outline here is grounded in a different understanding of sex, as a complex biological variable with unstable meaning across species and ecologies (Fausto-Sterling, 2012; Richardson, 2013) . For instance, mouse studies now find many dozens of genes that are differentially expressed by sex, in patterns that change dramatically during development, across different tissues, and in response to various environmental factors (Lowe et al., 2015) . Sex is also not as binary as commonly perceived; in humans, Ͼ25 different genes have so far been linked to sexual development, each with its own set of variations that add up to a molecular spectrum, rather than a simple binary set of sex-defining features (Ainsworth, 2015) . Additionally, in humans, sex is always and already situated in gendered social contexts: that is, pervasive systems of social roles and power that structure the embodied experiences of human males and females. According to this view, methodological rigor requires research design that interrogates any human male-female difference as potentially mediated by gendered cultural factors.
Sex-related effects, whether in animals or humans, exist within multiple entangled contexts and are often highly conditional: relevant only within specific phylogenetic, developmental, and ecological settings (Joel, 2011; Kokras and Dalla, 2014; Shors, 2016) . For example, one well-studied sex difference is that stress enhances learning for eyeblink conditioning in male rats but impairs the learning in females. However, this impairment happens only in virgin females, not when they are aged or postpartum (Shors, 2016) . Furthermore, stress has the opposite effect on both rat sexes when the learning involves spatial or object memory: impairing learning in males and enhancing it in females (Luine et al., 2007) . The conditional nature of sex effects and plasticity of sex determination itself (McCarthy, 2016) deeply complicate the aim of using animal findings to address human sex-and genderrelated health issues.
In animal research, sex is not, a priori, more profoundly relevant to biological outcomes than other genetic and environmental sources of variance, which include animal age, strain, diet, housing, social grouping, prenatal experience, experimenter handling, and much more (Joel, 2011; Prendergast et al., 2014) . For example, few neuroscientists would deny the profound effect of environmental enrichment on the brain and behavior (e.g., van Praag et al., 2000; Nithianantharajah and Hannan, 2006) , or the fact that animals' cognitive stimulation may affect the variability and generalizability of preclinical findings, but we do not expect every study to include a comparison of animals housed in enriched versus impoverished environments. Like each of these important health-related variables, sex should be targeted in specific studies shaped not by rote policy, but by hypotheses grounded in the central theories and methodologies of that field.
In humans, these conditional contexts include other interacting biological variables, such as height, body weight, hormone levels, and longevity, as well as psychosocial factors, such as status, selfefficacy, social connectedness, economic security, gender role endorsement, and sexual orientation. For example, many male-female differences in human brain imaging studies turn out to be epiphenomena of overall sexual dimorphism, not unlike the effect of body weight on zolpidem clearance. Thus, a highly publicized study using diffusion tensor imaging (DTI) in youth 8 -22 years of age found statistically stronger interhemispheric connectivity in girls and stronger intrahemispheric connections in boys (Ingalhalikar et al., 2014) . However, white matter pathways revealed by DTI are known to scale with overall brain size, which averages some 10% larger in males throughout life. Ingalhalikar et al. (2014) failed to include this routine correction for individual brain size in their analysis, but a nearly identical study published later that year that did (Hänggi et al., 2014) found that both the intrahemispheric and interhemispheric connectivity differences between males and females are attributable to brain size, not sex per se: that is, among men and women matched for brain size, there are no DTI connectivity differences. Similar scaling effects have been found for most other structural volumes claimed in early research to differ between men and women, but shown in large studies or meta-analyses not to differ after normalizing for brain size. Such structures include the corpus callosum, cerebellum, caudate, putamen, thalamus, hippocampus, nucleus accumbens, and cortical gray matter (Leonard et al., 2008; Fjell et al., 2009; Hänggi et al., 2014; Luders et al., 2014; Jäncke et al., 2015; Tan et al., 2016) .
Potential harms of the mandate
Whether in animals or humans, sex/gender difference is a highprofile research area where primary findings quickly make their way into public discussion and both scientists and nonscientists have contributed to inflation and oversimplification of findings (Fine, 2010; Maney, 2015) . The Ingalhalikar et al. (2014) Thus, a Wall Street Journal headline rendered the finding of boygirl differences in white matter pathways as, "Differences in how men and women think are hard-wired" (Hotz, 2013) .
The perception that because sex differences in the brain are biological, they are innate or "hardwired," is stubbornly persistent in both popular and scientific discourse. Although neuroscientists understand that structural and functional brain differences can be induced by experience and neuroplasticity (Fine et al., 2013) , many nonetheless default to speculation about gonadal hormones and evolution whenever they uncover sex/gender differences (Eliot, 2011; Maney, 2015) . The mandate to study biological sex difference in animal studies, without an accompanying focus on sociocultural determinants of neurobehavioral sex/gender differences, will only add to this interpretive bias.
For those conducting animal research, there is no question that sex-related variables, like any number of sources of variance, are a valid concern in every type of study from the molecular to the behavioral level. But institutional policies that give sex special salience and emphasis can distort research. This argument was voiced among the 222 respondents to the NIH Request for Information (National Institutes of Health, 2015) about the proposed policy, many of whom "raised the importance of SABV in addition to and compared with other factors (examples given included age, species, breed/strain, and hormone levels)" that may influence the rigor and generalizability of preclinical research. Also of note in this public commentary was considerable concern about the cost of the new policy; 65% of respondents raised issues with budgetary implications regarding numbers of animals, personnel, time, and facilities, particularly for precious mouse mutants, leading to the more general concern that "additional required resources may slow overall scientific progress." Despite such widespread uncertainty among animal researchers, the NIH appears not to have performed a cost analysis before implementing the policy (Clayton, 2016) .
Finally, in considering the merits of this policy, it is important to note the backdrop of current pharmaceutical industry imperatives. There may be strong financial incentives to promote research that supports market-segmented "pink" and "blue" therapies for certain disorders. Just as manufacturers have learned they can augment their sales of everything from cell phones to soccer balls by marketing them in gender-coded colors, pharmaceutical companies are interested in expanding their patent opportunities by developing gender-specific drugs, even for marginal clinical benefit (Hartley, 2006) . To point, a key advocacy group for expanding preclinical research on sex difference lists 14 major pharmaceutical and medical device manufacturers among its corporate partners (Society for Women's Health Research, 2016). Treating sex as a uniquely important variable, divorced from its psychosocial entanglements, uncritically embraces this market-driven approach to sex difference research while also leading to a climate of belief that can be harmful when used to support claims of intransigent cognitive and affective differences between men and women (Epstein, 2007) .
In 1993, Congress authorized the much-needed NIH Revitalization Act, which requires inclusion of men and women in all research involving human subjects. We similarly support the study of sex differences and sex-related variables in targeted, welldesigned animal research. But the mandate to evaluate sex effects in every animal study, without due consideration of the limitations of such models or a companion initiative to drive research on the gender dimension of health disparities, poses a large burden on preclinical researchers while implicitly endorsing the paradigm that such disparities are largely biological in origin.
Instead, we need greater support for research programs that analyze the interaction of biological and sociocultural factors in the genesis of sex/gender health disparities (Rieker and Bird, 2005) for disorders such as addiction, pain, anxiety and depression. A point of contention is whether it is reasonable for NIH to have targeted a policy on sex, as opposed to other variables that influence biological systems. For example, as Eliot and Richardson point out, age and genetic variations associated with strain (or manipulations, such as diet, handling, housing conditions, etc.) also could influence outcomes. Our view is that the profound underrepresentation of females in basic neuroscience studies, in parallel with compelling examples of sex differences in fundamental aspects of brain function, do justify a policy focused on sex as a variable in animal research. It is not that sex necessarily is more important than other variables, but that the potential influences of sex have been understudied in the absence of an NIH mandate.
Response from Dual Perspectives Companion
Finally, a clarification about the NIH policy: As Janine Clayton, Director of the Office on Research for Women's Health, wrote last year for the FASEB Journal, "Considering SABV is not the same as looking for sex differences" (Clayton, 2016). Rather, the directive is for animal researchers to study both sexes and attend to which data come from which sex so that the answers to scientific questions will be known in both sexes. In some cases, initial results may justify investment of additional resources that would be required to test for sex effects; in other cases,therewillbelittlereasontodothis.Eitherway,webelieve that the inclusion of data about biological sex will result in a stronger basic science pipeline that, in turn, will better inform the design and interpretation of studies that directly address human health questions.
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